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In the mammalian ovary, oocytes or immature eggs are sequestered in a state of meiotic arrest in primordial follicles. The fact that oocytes are arrested in the prophase of meiosis means that unlike the male sperm progenitors, oocytes are not mitotic and that a fixed number are available for the reproductive life of the female (average of around half a million in women). These primordial quiescent follicles are sporadically activated throughout the reproductive life span to commence growth and development into mature oocytes to be ovulated. When the primordial supply is exhausted, menopause ensues, so the rate of activation must be carefully controlled. Despite a great deal of investigation into the mechanism of this control, it remains poorly understood.
Soon after specification of the bipotential gonad to form an ovary, the presumptive oocytes cease mitosis and enter meiosis in a spatial wave pattern beginning at the anterior and proceeding to the posterior end of the gonad. This is driven by a gradient of retinoic acid from the mesonephros [1] , which has been demonstrated in mice but not in other species, perhaps because of the availability of research tools and the rapidity of this event in mouse ovaries. It has been proposed that follicle activation may follow the same spatial pattern, with those that enter meiosis first also activating first, known as the ''first in, first out'' or ''production line'' hypothesis [2] . Strong evidence exists for other key controls, however, including that paracrine factors from cells of the ovarian stroma as well as growing follicles within the local environment control follicle activation. Some of these, such as KIT ligand secreted by granulosa cells around an oocyte [3] or bone morphogenetic proteins originating in stroma [4] , trigger activation by stimulating oocyte growth. Other factors signal primordial follicles to remain quiescent, such as anti-Mullerian hormone (AMH) released by growing follicles [5, 6] . This signal is thought to be an indicator of the number of follicles actively growing, which places feedback constraint on the primordial population. This is a modest pressure, however, because AMH gene inactivation only accelerates follicle activation and the time to menopause slightly [5] . Even so, this does illustrate the importance of even small effects on follicle activation rate that have iterative consequences for an individual's reproductive potential and time of menopause. The hierarchy of follicle activation also has consequences for determining which follicles are available during the prime reproductive years. Those that activate earliest will mature before puberty and the acquisition of reproductive maturity, whereas those that activate last will reach maturity in the postfertile window of the female's life span approaching menopause.
It is difficult to conceptualize a mechanism that exquisitely balances the activation/quiescence decisions of a whole population of primordial oocytes distributed over two ovaries such that the appropriate number make the daily switch to activate in order to maintain a constant pool of growing oocytes and the optimal reproductive life span. An elegant new study by Cordeiro et al. in this issue of Biology of Reproduction [7] adds new evidence for a spatial element to the control of mouse postnatal primordial follicle activation; interestingly, this pattern does not simply reflect the anteriorto-posterior wave of meiotic entry. A transgenic mouse model was engineered using three gene promoters that activate at separate stages of follicle development-Mvh (quiescent primordial germ cells), Gdf9 (early activated oocytes), and Zp3 (primary growing follicles)-to drive distinct expression of three fluorescent proteins in the oocytes. This advances previous models by allowing follicle activation to be followed through three stages based on a molecular response yielding fluorescent marks in oocytes visible in the intact ovary through confocal microscopy.
Earlier studies using painstaking histology of staged ovarian samples in many species have identified the progression of follicle formation from the medulla (inner region of the ovary) to the cortex (outer region of the ovary) in the fetal human [8] [9] [10] as well as cattle and sheep [11] [12] [13] . Through dynamic lineage tracing, Cordeiro et al. [7] confirmed the medullar-tocortical and anterior-to-posterior waves and, furthermore, that the earliest meiotic entry is in the ventral region (or underside) of the ovary in the mouse. In bovine, the formation of the first follicles in the medulla has been attributed to the activity of stromal cells penetrating in from the mesonephros, which encounter the somatic GREL (pregranulosa) and germ cells dividing the ovary into the ovigerous cords, which then partition further to form follicles, first at the medullary end and then progressing in a cortical direction [13] . A similar pattern of development also has been observed in the human developing ovary [14] and is supported by these new findings in the mouse.
The application of additional fluorescent markers made it possible for Cordeiro et al. [7] to identify the early molecular events of follicle activation in whole, intact ovary samples optically sectioned using confocal microscopy. By examining ovaries from these mice during the first wave of folliculogenesis after birth, it emerged that this is not random; rather, a spatial preference exists. Interestingly, the initial growing follicles were preferentially in the anterior-dorsal quadrant, appearing first at Postnatal Day 4, and the concentration of more advanced follicles in this quadrant remained through Postnatal Day 16. Conversely, the entry into meiosis of primordial germ cells in the prenatal ovary occurred first in the ventral region. Because it cannot be ruled out that the first oocytes to enter meiosis were in the anterior-ventral region and then moved to the dorsal location, the production line hypothesis is not ruled out. Clearly, however, the consistent spatial patterns observed indicate that topologic factors contribute to the functioning of the ovary. Also, importantly and consistent with findings in the human and bovine ovaries, follicles activated first at the interface between cortex and medullar zones, which represents a transition from rigid, fibrillar extracellular matrix (ECM) to more supple, stroma-rich regions of the ovary, respectively. Whether follicles are arranged in a pattern where those destined to activate first gather in the anterior-dorsal corticomedullar zone, or whether a specific cell type or signaling factors are spatially patterned, will need to be determined. The complex sequence of cell migration from the mesonephros and ovarian epithelium to form primordial follicles [15] may establish the spatial nonuniformity. Alternatively, the growth factors known to control follicle activation all interact with ECM and may become concentrated accordingly. The study of Cordeiro et al. [7] took advantage of the orderly first postnatal wave of folliculogenesis, and whether the spatial patterning persists in the more chaotic, regularly cycling ovary in adults will be difficult to determine.
The mechanisms that control the fixed rate and the hierarchy of follicle activation are important to understand. This recent, elegant finding of a spatial preference in the follicles that activate first supports the hypothesis that localized and, perhaps, structural cues play an important role. This could have profound implications because polycystic ovary syndrome, a very prevalent condition that causes infertility due to failure of folliculogenesis, is also associated with aberrant ovarian ECM composition, including ECM proteins only present during fetal ovarian development [16] .
